Introduction
A rom atic m ercuration is a versatile tool for the functionalization of arom atic compounds [2] . The introduction of specifically designed side chains into m etalloporphyrins opens up an alternative to the total synthesis of porphyrins which carry their peripheral substituents in the positions wanted for their action as heme models, as pharmaceuticals (e.g. for the photodynam ic cancer therapy or tum or loca tion using porphyrin luminescence), or unconven tional materials (e.g. liquid crystals or electrochemi cal catalysts). However, only a few examples of m er curation reactions with zinc and copper porphyrins have been described by Smith and coworkers [3, 4] , They have transform ed, inter alia, the zinc(II) complex of deuteroporphyrin-IX dimethyl ester, Z n(deut-D M E ) (la)* * with mercuric acetate in tetrahydrofuran/m ethanol to the complex l b in which the peripheral chloromercuri groups have been replaced by acrylic ester side chains producing. e.g. l c [3] During the course of a study directed towards the elucidation of the influence of the central metal of a porphyrin complex on the course electrophilic sub stitutions at the porphyrin periphery [5, 6 ], we be came interested in the m ercuration reaction because of its synthetic prospects. Therefore, we have sub jected the easily accessible complexes of mesotetra(/?-tolyl)porphyrin with nickel(II), pal la d iu m^) , and platinum (II) [6 , 7] to various m ercu ration procedures. The special question was the fol lowing: does the m etal-to-porphyrin back-donation have an influence on the rate of electrophilic sub stitutions at the porphyrin periphery? The backdonation increases in the series Ni < Pd < Pt [8 , 9] . If it were im portant, increasing back-donation
Pt HgCl HgCl 3
should move electron density to the porphyrin periphery and hence facilitate its electrophilic attack. The results of this study are presented here.
Synthetic Results
The m ercuration of the m etal(II) porphyrins M(TTP) 2 a-c may be driven to total consumption of the starting material to yield mixtures of mono-, bis-, tris-, and possibly tetrakis-m ercurated products which are transform ed into the chlorom ercuri deriva tives by treatm ent with aqueous sodium chloride solutions. The production of mixtures of isomeric diand trisubstituted derivatives is known from other m ercuration experim ents [2] . The closed-shell mercury(II) ion obviously has only a small electronic ef fect on the porphyrin chrom ophore. This is also seen from the optical spectra (see below). The separation of the mono-, bis-, tris-, and tetrakis-m ercurated products can be done by silica gel chrom atography at the chloride stage. However, the separation of the various isomers of the species with more than one mercury atom is not possible under the conditions applied because during prolonged chrom atography, partial dem ercuration occurs. This is seen from the fact that in all experim ents described, after chrom atography, notable quantities of starting m ate rial were obtained, although initial thin layer chrom atogram s indicated the absence of any starting material.
Certainly, it would have been possible to optimize the yield leading to the respective m onomercurials just by maintaining an excess of M(TTP) during the reaction [2] . However, the aim of the study was rather the metal dependance of the reaction than its synthetic perfection. Therefore, the reactions had to be tested under an initial excess of the mercurating agent. The procedures described in the experimental part gave the following yields of crystalline materials: la ) Ni(TTP-HgCl) 2a, 35%; 2) Pd(TTP-HgCl) 3b, 20%; 3) Pt(TTP-HgCl) 3c, 21% , and Pt(TTP-Hg3Cl3) 3e, 12%; 4) Pt(TTP-Hg2Cl2) 3d, 13% besides some 3c.
The presence of the other products m entioned in the experimental part could be deduced from their chromatography behavior on the columns and thin layer plates as well as their optical spectra, in analogy to the spectra of the totally identified products (see below).
As is well known [2] , mercuric trifluoroacetate is much more effective in mercuration than mercuric acetate. The reactivity of the metalloporphyrins is rather low. Benzene as a solvent is also attacked (see experim ent lb )). Therefore, the deactivated chlorobenzene is the solvent of choice. A mercuration of the p-tolyl groups in M(TTP) was not observed. This is expected, as Vilsmeier formylation of metal com plexes of tetraarylporphyrins always exclusively occurs at the peripheral and never at the aryl posi tions [6 ] .
Spectral Characterization of the Products
The novel chloromercurimetal(II) porphyrins 3a to 3 f are characterized by elemental analyses, UV/VIS, IR, 'H NMR and (partly) mass spectra. The UV/VIS spectra do not reveal any strong influence of the peripheral mercury atom on the electronic transi tions of the porphyrin ring. In the platinum series, there is a color change from orange to red as the num ber of mercury atoms bound to the ring increases. This indicates a small bathochromic effect of the m er cury atoms which also becomes evident from a com parison of the spectra which are compiled in Table I , see especially the series 2c < 3c < 3d < 3e.
The H NMR spectra serve to clarify the constitu tion of the monomercurials 3a to 3c. Due to the presence of mixtures of isomers, the spectra of the bis-, tris-and tetrakis-m ercurated species cannot be unraveled. The essential data are compiled in IU PA C num bering, prim ed numerals 2 ', 3 ', 4' indi cate the o-, m-, and methyl positions of the tolyl residue, and doubly prim ed numerals the correspond ing protons of the tolyl group in the vicinity of the chlorom ercuri group, respectively. For comparison, the NM R data of the unsubstituted complexes 2 a to 2c are also given. The spectrum of 2a required 400 scans because of the very limited solubility of the complex; 2b and 2c are somewhat better soluble.
The solubilities for 2a, 2b, and 2c am ount to 4.2, 8.5, and 1 6 x l0 -4 mol/1, respectively [7b] .
A guide to the interpretation of these NM R spec tra is an observation of D ean et al. [10] wo studied the complexation of toluene with mercuric hexafluoroantim onate in liquid sulfur dioxide at -75 °C. As com pared with free toluene, a low field shift is stated for all proton signals in the adduct ( ' and H3" are integrated for 6 :2 apart from 3d and 3 e where the peaks cannot be discerned; e signals for H 4 ' and H4" are integrated as follows: 9 :3 for 3a to 3c and 6 :6 for 3d. For 3 e, there are several peaks between 2.80 and 2.60 ppm for 12 protons as a whole, indicating a mixture of isomers for this com pound. Table II . Proton magnetic resonance data of the m etal(II) and the chlorom ercurim etal(II) tetra(ptolyl)porphyrins, M(TTP-Hg"Cl") 2a to 2c and 3a to 3 e. 4 -0.32 ppm). Therefore, it is to be expected that pro ton chemical shifts increase in the vicinity of H g11 ions.
Indeed, as in various metal complexes of 2-formyltetra(^-tolyl)porphyrin [6 ] , a signal between 8.76 and 8.90 ppm well separated from the other signals belonging to peripheral protons is integrated for a single proton and is then assigned to the H 3 reso nance. The doublets with the lowest chemical shift are assigned to H 12 and H 13, the remaining signals in the region close to the peripheral protons of the unsubstituted species to H 7, H 8 , H 17, and H18. Small increases in chemical shift are noted for the proton resonances of those tolyl groups which are located in close vicity of the chloromercuri group, namely the meta protons (H3") and methyl protons (H4"). They are identified by their 1:3 intensity ratio to the corresponding H 3 ' and H 4 ' signals of the other tolyl groups. As the H 2 ' resonance is practical ly not influenced by the chlorom ercuri group, it seems that the latter reaches far out and comes in closer contact with H 3 ' and H 4 \ producing the sepa rate resonances for H 3 ' and H 4 '.
The constitution of the m onomercurials 3 a to 3 c therefore is proved by the NM R data. The only use ful information that can be taken from the spectrum of 3d is the 1:1 intensity ratio of the two tolyl methyl peaks, proving the presence of two chloromercuri groups. 3d and 3e obviously are mixtures of various isomers, and a further interpretation of the NMR data is not possible.
In the region above 500 cm-1, the infrared spectra of 3 a to 3e look very similar to those of 2 a to 2 c. However, the complexes M(TTP-Hg"Cl") 3a to 3e all show an additional band at 348 cm -1. This ap pears to be a H g -C l stretching m ode, as its wavenumber is insensitive to M. Its intensity ratio to a porphyrin band at 528 cm-1 increases in the series 3a (0.3), 3b (0.6), 3c (0.8), 3d (1.0), 3e (1.4). The increase within the latter three members of the series is plausible because n, the num ber of chloromercuri groups, increases from 1 to 3. In HgCl2, the H g -C l stretching frequencies appear at 413 and 355 cm -1 [1 1 ], i.e., in a similar spectral range.
Notes on the Metal Effect
A recent investigation on the metal dependance of the electrophilic Vilsmeier formylation of various metal complexes of tetra(p-tolyl)porphyrin ML"(TTP) has shown that the reaction rates increase in the following sequence [6 . 1 2 ]: M IV (no reaction at all) < M niU < Fe111 < Pt11 < Pd" < Cu11 < Ni11 < § C rHI < A l111 < C o111.
The m etal(II) part of this series indicates that, con trary to the expectation from the increase in metalto-porphyrin back donation, the reactivity in an elec trophilic substitution decreases from N i11 to Pt11. This also holds for the electrophilic m ercuration. The reaction end times determined for 2a and 2c in chlorobenzene at 130 °C were 7---18 and 40 min, re spectively. The mercuration of 2 b was done at 20 °C and hence cannot be compared.
The simple backbonding scheme used [9] to inter pret the optical spectra of the noble metal porphyrins is derived from the "four orbital m odel" first p re sented by Gouterm an [13] . This is some kind of fron tier orbital model. As so many orbitals are involved during the electrophilic attack on the peripheral por phyrin positions, a frontier orbital model is insuffi cient. It seems more feasible to discuss the net nega tive charge developed on the porphyrin ligand due to the polarity of the metal-to-nitrogen bonds. The de crease of electrophilic reactivity in the series Ni11 > Pd11 > Pt11 can be understood in term s of an elec tronegativity increase in the series Ni < Pd < Pt which reduces metal-to-nitrogen bond polarity and hence negative partial charge on the porphyrin periphery. This is reflected in the net negative por phyrin charge as calculated for nickel and palladium porphine, Ni(P) ( -0.30) and Pd(P) ( -0.11) [14] .
For synthetic purposes, Vilsmeier formylation [6 , 1 2 ] and subsequent condensations at the formyl group which have been done before by Callot [15] and M omenteau [16] may be more useful than m er curation because the M(TTP) system 2 offers too many comparable sites for electrophilic attack.
Experimental Section

Materials and m ethods
The sources and purification methods (if neces sary) of the following chemicals are indicated in brack ets: mercury(II) acetate and trifluoroacetate (A l drich), chlorobenzene (Aldrich; dried over basic alumina, grade I), benzene (M erck; dry, free of thiophene), silica gel (ICN Pharmaceuticals, Eschwege; grade I, neutral). Meso-tetra(/?-tolyl)porphyrin, H :(TTP) [5, 10, 15 ,20-tetrakis(4-methylphenyl)-porphyrin] and its nickel(II), palladium (II), and platinum (II) complexes were prepared as described previously [7] . -UV/VIS, IR , *H NM R and mass spectra were obtained with the following instru ments: Hewlett Packard HP 8451 A (in toluene), Perkin-Elm er 397 or 325 (KBr or Csl pellets), Bruker WM 300 (300 M Hz, int. TM S), Varian M A T 311 A (direct insertion, field desorption m ode). -Elemental analyses were perform ed by Analytische Laboratorien Malissa & R euter, D-5251 Elbach (West Germ any). A special procedure is necessary to overcome the effect of mercury in the substances. Chlorom ercuri-5,1 0 ,15,20-tetrakis-(4-m ethylphenyl) porphyrinatonickel (II), N i(TT P -H gC l) (3 a) a) A solution of 327 mg (0.45 mmol) Ni(TTP) (2a) in 400 ml benzene was stirred in a three-necked flask fitted with a reflux condenser and a dropping funnel from which was added dropwise a solution of 300 mg (0.94 mmol) mercuric acetate in 25 ml dry m ethanol during 5 min under nitrogen. A fter heating under reflux for 54 h and cooling, 10 ml of a saturated aque ous NaCl solution was added, the suspension stirred for 1 h and separated. The organic phase was washed four times with 1 0 0 ml w ater, filtered through wad and freed from the solvent in vacuo. The residue was divided into two halves and each portion dissolved in dichlorom ethane to which was added 30 g silica in activated by water addition. A fter evaporation of the solvent in vacuo, the silica gel portions containing the m ercuration mixtures were placed on top of two col umns (silica, grade I, neutral; 4 .5x30 cm) and eluted with dichlorom ethane/cyclohexane (1:1). The corre sponding fractions of both separations were com bined and the following red fractions obtained: 1. Ni(TTP) (2a), 67 mg; 2. Ni(TTP-HgCl) (3a), 122 mg after re crystallization from chloroform /ethanol, 35% from consumed 2a, red crystals of various shapes, 3., 4., 5., and 6 . mixtures of 3a with bis-and tris-m ercurated species which could not be separated without accom panying decomposition. A mass spectrum could not be obtained. b) A second experim ent was run with 245 mg (0.34 mmol) 2a in 250 ml chlorobenzene with 402 mg (0.94 mmol) mercuric trifluoroacetate in 19 ml dry m ethanol. A fter 18 min refluxing, the reaction was term inated. W orkup as in a) yielded essentially the same mixture of products. M ercuric trifluoroacetate is much more active than mercuric acetate. Chlorobenzene was used instead of benzene because workup of some colorless fraction of proce dure a) had yielded a small portion of phenylmercuric chloride, PhHgCl, and the side reaction of sol vent mercuration had to be avoided with the more reactive trifluoroacetate. c) A third run was done with 37 mg 2 a (0.05 mmol) in 36 ml chlorobenzene with a solution of 75 mg (0.18 mmol) mercuric trifluoroacetate in 4 ml dry methanol. Thin layer chromatograms were taken minutewise and showed that after 7 min all 2 a had disappeared. Following lb ) , 100 mg (0.13 mmol) Pd(TTP) (2 b) in 1 0 0 ml chlorobenzene were reacted with a solution of 180 mg (0.42 mmol) mercuric trifluoro acetate in 6 ml dry methanol at room tem perature. W orkup was done as in la ) including the treatm ent with NaCl solution. The red solid m aterial was chrom atographed as in 1 a) using 2 0 g silica gel for adsorption of the whole product mixture, placing the latter on top of a silica gel column (grade I, neutral; 2.8x30 cm) and eluting with dichloro methane/cyclohexane (1:1). The following red frac tions were obtained: 1. Pd(TTP) (2b), 6 mg; 2. Pd(TTP-HgCl) (3b), 28 mg (20%); 3., 4., and 5., mixtures of bis-and tris-mercurated products which were not separated, 13 mg, 12 mg, and 6 mg, re spectively. Following lb ), 100 mg (0.12 mmol) Pt(TTP) (2c) in 86 ml chlorobenzene and 138 mg (0.32 mmol) mercuric trifluoroacetate in 7 ml dry methanol were heated to boiling for 40 min when all 2 a had disap peared (TLC test). W orkup according 1 a) and 2) was done including the NaCl treatm ent and adsorption of the whole product mixture to 2 0 g silica gel which was placed on top of a silica gel column (grade I, neutral; 2.8x40 cm) and eluted with dichloro methane/cyclohexane ( 1 :1 ), yielding the following fractions (1. to 6 . orange, 7. to 9. red): 1. Pt(TTP) (2c), 3 mg; 2. Pt(TTP-HgCl) (3c), 27 mg (21% ); 3. mixture of 3c and 3 d , 12 mg; 4. to 6 . Pt(TTP-Hg2CL) (3d), 10 mg; 7. Pt(TTP-H g3Cl3) (3e), 21 mg (12%); 8 . Pt(TTP-H g4Cl4) (3f), 36 mg; 9. column head, 46 mg. The fractions 7 to 9 were obtained by cutting the column into the corresponding pieces and eluting the materials from the stationary phase of the frag m ents with dichlorom ethane/m ethanol. While the fractions 4 -6, 8 and 9 were only mixtures which could not be separated, fractions 2 and 7 were recrys tallized from chloroform/methanol. C48H^C lH gN 4Pt(2>c) 
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